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© Aramid yarn process. 

© A process is disc.osed for preparing High modu.us. high tenacity para-aramid fibers by means of a two-step, 
constant tension drawing and drying procedure. 
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Technical Field 



S treatment of such fibers which are hereinafter referred to as para-aram.d f.bers. 
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U.S. Patent 3.767.756 describes a process for spinning ^^^^^£^SX 
as-spun tenacity, modulus and breaking elongation. ^^T^Z^M and modulus is often 
spinning process »™ ***** properties but eyenju^e^ 

'dJsired- 9 U.S. Patent 3.869.429 teaches that drying. J^^^^c^^. the breaking 
tensions less than about 0.3 .gpd is preferred: but. that drying the fibers aDove u 

elongation of the fibers white increasing the ™ dulus o disC | 0ses a post-spinning drying treatment of 

Japanese Laid-Open Patent Apphcafon ^^^^^^ a constant draw-ratio of 
para-aramid libers wherein the f.bers are subiected to a single step drying u 
about 20-90% of ultimate fiber elongation at a temperature of less han a tbou 200 U 

Japanese Patent Publication 1 1763-80 discloses a post-spinmng fiber treatment of para 
u ~ fh= RhorQ- are drawn about 20-80% of maximum elongation at a temperature or less man . w 
wherein the fibers, are arawn aooui <iu ou o u we iaht of the dry fiber: are washed to 

while. retaining residua, spinning solvent in an amount oMOO 4 ^.^f^Zl greater ^ 30 o' C 
remove the residual spinning solvent: and are dried and heat treated at a temperature g 

under tension which would provide constant length. treatment of para-aramid fibers 

■ Japanese Patent Publication 1176480 ^^J^^^TZ^ while wet and in 
wherein the fibers: are washed in water, are ^^^XZTZ^eat treated at a temperature 
saturated steam at a temperature of greater than 100 C. and are aneo ana 

Ksssi sirs r^r^^^x-- « « 

5-15 gpd and at a temperature of 50*150 C. 
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Summary of the Invention 
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This invention provides an improved, post-spinning, process for preparing high modulus^ high tenacijr 
para-aramid fibers wherein the fibers are washed drawn at a "J^^JJ^ 3 seconds wnile 

being a two step process wherein: the first step " coSlJon: and the second 

z zzzzzzz :rr»rr;r n : 5=2*2 „ _ 
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hon . hpv are s t n i water-swollen and while they are not so eas.ly 
the high tension at low temperature, when " era tures. One important aspect of the presen 

damaged as when the fibers are being dr.ed a h-ghe -to mpe at ^ ^ hjghest [ension at 

LJL resides in the discovery that, by the two f ^^J * ef J under cond itions where the 
temperatures cons.derably lower than ™ are such that molecules .n the fiber 

fibers are much less fragile. The stress and cond on ^J^JJ^ the second ste p are such that the 
are oriented along the ax.s of the draw: and the stress .ad cond ^ fl ^ ^ fjbers |p 

f , b ers are dried w.th a comb.nat.on of stress a. ^1 a *f " " ferred range for temperature - When stress 
the second step, there is a preferred range ^o ■« ess e e ^ ^ [0 avQld 

at the h.gh end of the range .s used, temperature at tne 

damage of the fiber. .„u,h a iamirt<^ but anv para-aramid fiber can be used 

Preferably the para-aramid is ^^^ ^^^^^^ air-gap spinning process 
so long as it has been spun from an an, so "P* ^ an isotropic solution of aromatic 

such as is described ,n U.S. ^^J^^JSS^ concen'ation of at least 30 g. 100ml sulfuric 
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application of conaan. stress tainr, Hbe- drying as Mmpan* »* N~*W« « mame „, 



a5 Detailed Description of the Invention 



JO 



35 



45 



The process of ,e present invention can 
from any para-aramid polymeric rnatana . ^^^^L resu.ting from mo.e-for-mole po.y- 
by »poly.p-phen.yrene. terephthaiam.de ZJSS^dSZ and. also, copolymers resu.ting from .ncor- 
merization of P -phenylene d.am.ne and tor epmhatoyl cmor a djamjne gnd Q{ sma „ amounts of 

poration of small amounts of other aromat ^^J^J £ s a y genera , rule . other aromatic diamines 

fibers can be of any denier. ambient temperatures less than 50 C. 

The wet fiber drawing step which precedes dry.ng **J^J% of the breaking load but should net be 
The tensile ,oad applied to the yarn in ^ " Tensile loads in the range of 40 to 95 % 

so great as to break or to otherw.se mechan.cally damage ^yar ^ 80% Qf ^ fjbef 

of the fiber breaking load are found to be su.ta b *e b eakU load is the stress at which the 

breaking load are preferred. For the purposes ^JJJJ^^ treatm * n , Tne drawing step must be 
fiber being treated is found to break under the con ducted on fibers which have any amount.of water, 
performed on swollen, uncol.apsed fibers and can ^be ™^ain an unco.lapsed structure. As a 

or equivalent liquid, greater than the m.n.mum amount necessary ^ ^ ^ dry fjber 

general rule, fibers for the drawing step m II have from 15 to 00. we.g ^ & , ar purpose . 

Lteria. and at least 20 percent water .s. usually. ^™ d JJ™°* such \ s may be found in the fiber 
the drawing step can be conducte rf£r .ber coagu.ation has been completed and before 
coagulating bath. The drawing step is conducted after t.oer co g 

fiber collapse due to drying has occurred. conditions used. In any case. 

Optimum tensile load for the dry.ng step will de pen d on i ^ f than ^ 

damage to the fibers is minimized by mainta.n.ng d J * \%\ Q \ 0 ,00% of the tensile load 
tensile load employed in the drawing step. Tens,* of the te nsi.e load for drawing. 

, for drawing; and tensi.e loads dunng ^ng are pre JhQ ing step is conducted at 
Preferably, drying involves no d.rect contact wrttv so. a & Qf damage 

temperatures as low as practical, cons.stent w.th the object of d y 3 ^ drawing step and 

The drying is usually conducted at temperatures of more than tne temp 
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less than about 350* C. preferably lessthan 200 C. Hrawina step and the drying step be 

„ is important and critica. to practice of th.s .nvent.o , that the . draw.ng ste and ^ 
conducted at constant tension as opposed to constant ength It has bee ^ to ^ ,n P of the (iber 
filament modulus is strongly related to the tens.on employed .n draw ng an ^ ,n9 , he d of 
manufacture. During drying at constant length. and the moisture ' 

the relaxation varies depending upon the in.t.al tens.on ^'^J^J^^^^ far less 
content of the fiber. As a result of that relaxation of ^'"■^^'^'X.S,, of as much 
contro. of the fiber product properties than does dry.ng at ct ^^^^^^ tMt tension 
as 50-. of the initial tens.on have been observed for dry.ng at constant ^J^J.^ rowwnenl of 
in accordance with this invention provides for cont.nuous drawing and «J^^ properties. The 
molecular orientation and structure consolidation resu.t.ng .n dr wing and constant 

manufacture of para-aramid fibers by means of a comb.nat.on of cons ant J ns '° n dra f ramid 
tension drying results in fibers exhibiting surprisingly improved properties as compared 
Z n made w'herein the drawing step or the drying step is conducted at consM ^v ed of ^ 

Constant tension on the fibers is preferably maintained by su.tab.e ^ *J£*^^,£L 
rolls used to forward the nbers. Other means of maintain.ng tens.on may also be used, such yar 

temP A«eTdryinTthe d r e 9 rs can be packaged ,n any way desired, such as. for example, by winding the dried 
yam « a s S or bobbin. A finish, or water, may be ap P .ied to the fibers before , pacta* g. 

lie process of this invention can be practiced as a continuous or a. batch process. It has also 
found to result in fibers of good hydrolytic stability and long flex life. 
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Moisture on Yarn 



While this determination is useful at any stage, it is ordinary used for yam ™™*^ n ^££ 
35 from a drying step so as to measure effectiveness of the drying^Yarn as i dried , , wo u n d w ,*0 rfjja* o to 
a bobbin with enough traverse strokes for four or more yarn layers. On doffing the .bobbin its surf y 

moisture on (or in) yarn (% MOY) as originally collected is calculated from: 

45 % MOY - 100 x (W L - W L ) - W 3 

W 3 
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Tensile Properties . 

Tenacity (breaking tenacity), elongation (breaking elongation), and modulus are determined by breaking 
55 test filaments on an Instron tester (Instron Engineering Corp.. Can ton Mass.). 

• Tenacity is reported as the breaking stress of a filament d.v.ded by d ^MtwWl to the 

Modulus is reported as the slope of the initial stress/strain curve from 0. ^^J^^J^^^ 
same units as tenacity. Elongation is the percent increase in length at break, (both tenacuy 
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are first computed in gdenier units which, when mu.tip.ied by 0.8826. yield dN,ex units). Each reported 

measurement is the average of 10 breaks. . 50 -60°'o relative humidity after 

Tensile properties for filaments-are measured at about 21 C^^' » w elongation 
conditioning under test conditions for at ^J^^^^t i C - -he properties 

^ 3 ^ <™- — p — repor,ed 

in the examples, herein, are for filaments. 



fo Linear Density 

ri A ncit« of a filament is calculated from its fundamental resonant frequency, 

.jsrs'isr.Ts -~ « — - — *-» ™- ,as ™ 

15 '"^.^ornnr^ oi , yarn i. by y-eighing a Known ,en a m o, ft. yarn. Den* is 

d e«ned as the weigh,, in o.ems. d 900C ol *^ „ s md sample ^Motion are lea 

it is broken and then calculates the properties. 

20 

inherent Viscosity 

inherent viscosity (W is measured at 30 ' C and computed from 

25 *nh = m<ti t2) c where 

t< = solution flow time in the viscometer 

h = solvent flow time in the viscometer . c/ , 

c = polymer concentration of 0.5 g.dL. and the solvent is concentrated sulfunc aad (95-99 wgt 4). 



00 



Description of Preferred Embodiments 



as Preparation of poly-p-phenylene terephthalamide polymer (PP0-T). 

Po.y-p.pheny.ene terephthalamide ^ /^Z^^^ ^ ^ 

phenylenediamine (PP0) .n a m.xture of 27.166 part of_ N ™J^^ ni * and then adding 3.243 
calcium chloride cooling to about 15 C in a polymer kettle blanketed m m ™ r ^ e 
40 parts of molten terephtha.oy. chloride (TC.) with 

stirring was continued for 1.5 hours with coolmg to keep the temparabtfa below a 

formed a crumb-,ike product. The crumb-like product ^ S e p ar t NMP; and. finaily. 

slurried with: a 23% NaOH solution; a wash liquor made up of 3 parts water ana one y 



45 



water 



The slurry was then rinsed a fina. time with water and the washed po.yme product was dew ered and 
dried at 100* C in dry air. The dry polymer product had an inherent wscosity (IV) of 6.3. and conta.ned 
S«0 6% NMP, less than 440 PPM Ca*\ less than 550 PPM CI", and .ess than 1% water. 



so Preparation of fibers made from PPD-T. 

,JL* a spin™,., .. .bee, 74-C «. . ^'Z^^^^ Z^^^S 
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first stage water having a temperature of 15* C was sprayed on the yarns to remove most of the acid. In 
the second stage, an aqueous solution of sodium hydroxide was sprayed on the yarns followed by a spray 
or water. In the second stage, the temperature of the liquid spray was 15 C. The exterior erf the yarns was 
stripped of excess water and yarns were wound up without drying (yarn moisture of about 85%). 
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Example 1 

In this example, the wet fibers made above were subjected to the two-step, constant tension, treatment 
of this invention. 

For each run in this Example, a length of the 200-denier never-dried yarn was fed through a nitrogen- 
purged tube oven between the jaws of an Instron tensile testing machine. With the temperature of the 
n.trogen set at 20-30 * C. a first tension of 14gpd was applied to the wet fibers and maintained constant for 
10-15 seconds. The breaking load for the static conditions of this treatment was found to be I8gpd and the 

first tension was 77.8% of that. . 

The tension was then lowered to a second tension which was maintained constant during drying under 

mildly heated conditions of 175* C for about 6 minutes. ■ m 
The second tension for thes e experiments was varied from 3 to 10gpd (20 to 71% of t he first jensignj 



buT was maintained constant in each experiment. The second tension and tensile, properties of the fibers 
made in th.s Example are reported in TABLE 1. The "Control" properties are for the same fibers dried 
under no tension at room temperature. - 
As a comparison experiment, these same never-dried fibers were treated by a process similar to that of 
the Japanese Laid-Open Patent Application (Kokai) 88,117 85 wherein the fibers were placed in the same 
oven between Instron jaws at 20-30* C under an initial tension at constant length and then were dried at that 
constant length rather than at constant tension. The initial tension was varied from 3 to lOgpd and the 
resultant length was maintained for about six minutes during drying at 175 C. Tensile properties of 
filaments from the yarns made in the comparison experiments are reported in TABLE 1 as "C" runs. 

TABLE 1 



4S 



Run No. 


Second 


Tenacity 


Elong. 


Modulus 




Tension (gpd) 


(gpd) 


(%) 


(gpd) 


1-1 


3 


26.4 


2.5 


1010 


1-2 - 


5 


28.0 


2.5 


1070 


1-3 


7 


- 28.7 


2.6 


1085 


1-4 


10 


27.1 


2.4 


1095 


Control 


0 


26 .2 


3.7 


640 




Initial Tension 








1-C1 


3 


25.3 


2.7 


915 


1-C2 


5 


26.0 


2.5 


990 


1-C3 


7 


27.4 


2.5 


1065 


1-C4 


10 


25.3 


2.3 


1065 
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Referring to Fig. 1, the fibers' of this invention, are designated as "2 stage" and the fibers of the 
comparison experiment are designated as "Const. L". It can be seen that the modulus for fibers made rn 
accordance with this invention is higher than the modulus for fibers made with a constant length across the 
entire range of drying tensions. 



Example 2 

In this example, additional wet fibers made above were subjected, in a dynamic embodiment, to the 
two-step, constant tension, treatment of this invention. 

The 200-denier never-dried yarn was fed through, a set of magnetic brakes then to a drive roll between 
which tension could be applied under ambient conditions to the water swollen yarn. The yarn coming off 

6 
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this first drive roll was passed through a tube oven through which heated nitrogen was introduced to dry the 
yarn. A second drive roil following the tube oven controlled the residence time and yarn tension in the 

drying oven. . m 

The first tension was applied at less than 50 C and was applied and maintained constant at two. 
relatively high levels. The second tension and the drying was conducted at about 175 C for a time of about 
ISseccnds: and the constant tension was changed from run to run through the example. Even though the 
static breaking load for the fibers was, as reported in Example 1. !8gpd, the breaking load for the dynamic 
conditions of the treatment of- this example was JSgpd. Tensile properties of the filaments made m this 
example are reported in TABLE 2. The "Control" properties are for samples of the same f.bers dried under 
no tension at room temperature. The Control fiber exhibited a TE Mof 28.2/4.2/605. 

In a second series of experiments, also, utilizing a relatively high first tension and varied second 
tensions, the same fibers were analyzed which had been dried at about 350 C for about 5 seconds. The 
runs of the second series are indicated in. TABLE 2 with primes, as "2 -n". 

in a comparison experiment, these' same never-dried fibers were treated by a process wherein the first 
tension was very low and the second tension was either very low or was more than the first tension. Tensile 
properties of the filaments made in the comparison experiments are reported in TABLE 2 as "C" runs. 
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Run 


1st tens. 


% brk 


2nd tens. 


% 1st 


Ten. 


elg. 


mod. 




(gpd) 




(gpd) 




(gpd) 


(%) 


(gpd) 


2-1 


10 


67 


1.3 


13 


27.8 


2.8 


975 


2-2 


10 


67 


3.2 


32 


28.4 


2.8 


1030 


2-3 


10 


67 


6.4 


64 


26.1 


2.5 


1040 


2-4 


12 


80 


1.4 


12 


28.5 


2.9 


990 


2-5 


12 


80 


3.1 


26 


26.9 


2.6 


1035 


2-6 


12 


80 


6.2 


52 


26.4 


2.5 


1040 


Cont. 


0 








28.2 


4.2 


605 


2'-4 


12 


80 


1.6 


13 


25.1 


2.3 


1010 


2'-5 


12 


80 


3.1 


26 


24.7 


2.1 


1080 


2'-6 


12 


80 


4.7 


39 


23.9 


2.0 


1160 


2-C1 


2 


13 


1.1 


55 


26.3 


3.2 


815 


2-C2 


2 


13 


2.7 


135 


26.3 


2.9 


920 


2-C3 


2 


13 


6.5 


325 


28.5 


2.8 


1020 


2-C4 


4 


27 


1.4 


35 


26.4 


3.1 


' 860 


2-C5 


4 


27 


3.5 


88 


28.0 


3.0 


950 


2-C6 


4 


27 


6.5 


162 


26.9 


2.6 


1025 
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Referring to Fig. 2, the fibers of this invention are represented by the two upper curves which are 
designated to have first stage tensions of 10 and 12 gpd; and the fibers of the comparison experiment are 
represented by the two lower curves which are designated to have first stage tensions of only 2 and 4 gpd. 
It should be noted that low tenacities and low moduli result from the low second tensions coupled with low 
first tensions of the comparison runs, while, the high first tensions of the invention permit high tenacities and 
moduli across a wide range of drying tensions. 
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Example 3 

in Example 1, the practice of this invention was demonstrated by a series of experiments with a single 
constant first tension and a variety of constant second tensions. In Example 2, there was a demonstration cf 
two levels of first constant tension and a variety of constant second tensions. In this example, fibers are 
analyzed which have been processed using several first constant tensions and a narrow range of constant 
second tensions. 

Wet fibers made above were subjected to the two-step, constant tension, treatment of this invention. 

The magnetic brakes, the drive rolls, and the oven were the same as those used in Example 2. 

The first tension was applied at less than 50 # C and the constant tension was changed from run to run 
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through the example. The second constant tension and the drying was conducted at about 175' C for a time 
of about 15 seconds: and the constant tension was maintained within a narrow range of 2.7 - 3.5 gpd. The 
breaking load for the never-dried fibers of this example, under the conditions of the treatment here.n. was 
1 5gpd. Tensile properties of the filaments made in this example are reported in TABLE 3. 

TABLE 3 
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Run 


1st tens. 


% brk 


2nd tens. 


% .1st 


Ten. 


elg. 


mod. 


(gpd) • 




(gpd) 




(gpd) 


(%) 


(gpd) 


3-1 


2 


13 


2.7 


135 


26.3 


3.2 


815 


3-2 


4 


" 27 


3.5 


88 


28.0 


3.0 


950 


3-3 


6 


40 


3.4 


57 


29.1 


2.9 


1035 


3-4 


8 


53 


3.0 


38 


28.5 


2.8 


1000 


3-5 


10 


67 


3.2 


32 


28.4 


2.8 


1030 


3-6 


12 


80 


3.1 


26 


26.9 


2.6 


1035 


3-7 


14 


93 


3.2 


23 


25.4 


2.4 


1035 
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Example 4 

In this example, fibers were analyzed' as a function of the. temperatures used to dry them. 

Wet fibers made above were subjected to the two-step, constant tension, treatment of th.s invention. 

The magnetic brakes, the drive rolls, and the oven were the same as those used .n the previous 
exam oles < 

A first constant tension of 12.5gpd was applied to the never-dried , fibers at less than 50 C and was 
maintained for 10-15 seconds. The second constant tension and the drying was conducted at varying 
temperatures for a time of about 15 seconds; and the constant tension was maintained w.th.n a narrow 
ranqe of 2.5 - 3.5 except where the high temperatures dictated a lower tension to reduce fiber breakage. 
The breaking load for the never-dried fibers of this example, under the conditions of the treatment here.n 
was about 15gpd and the first constant tension was about 83% of that break strength. Tensile propert.es of 
the filaments made in this example are reported in TABLE 4. 

TABLE 4 





Run 


drying 


2nd tens. 


% 1st 


fen.. 


elg. 


mod. 


40 




temp. (" C) 


(gpd) 




(gpd) 


(%) 


(gpd) 




4-1 


175 


3.5 


28 


28.9 


2.8 


1040: 




4-2 


250 


3.5 


28 


27.8 


2.6 


1060 




4-3- 


350 


2.5 


20 


26.1 


2.4 


1040 




4-4 


450 


1.7 


14 


23.4 


2.0 


1130 


45 


4-5 


550 


1-5 


13 


20.1 


1.6 


1055 



50 



55 



Claims 



1 A process for preparing high modulus, high tenacity fibers of aromatic polyamide, comprising the 
steps of extruding an anisotropic solution of the polyamide in 98.0 to 100.2% sulfuric acid having a 
polyamide concentration of at least 30 g/100 ml sulfuric acid through a layer of non-coagulating fluid into a 
coagulating bath to yield fibers, washing the fibers,' applying a first constant tension within 40-95% of the 
fiber breaking load to the washed fibers at a temperature of less than 50 C for a duration of greater than 5 
seconds, and drying the fibers at a second constant tension which is from. 10-100% of the first constant 
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tension and. at a temperature of more than the temperature of the first constant tension and less than 350* C 
until the fibers have a moisture content of about 2 to 10%. 

2. Process of claim 1 wherein the aromatic polyamide is poly(p-phenylene terephthalamide). 

3. Process of claim 1 wherein the tension on the fibers during the drying is at least 3gpd. 

4. Process of claim 3 wherein the moisture content of the coagulated and/or washed fibers is at least 
15°o prior to drying. 

5. Process of claim 4 wherein the aromatic polyamide is poly(p-pheny!ene terephthalamide). 

6. Process of claim 4 wherein the tension on the washed fibers prior to drying is at least 8gpd. 

7. Process of claim 6 wherein the aromatic polyamide is poly(p-phenylene terephthalamide). 
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STATIC TESTS: 175 °C, 6 KIN. 

1150 i 
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0 2 4 6 8 10 

DRYING ZONE TENSION (gpd) 




CONST. L 
2 STAGE 



FIG. I 
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TWO STAGE DRAWING: 



FIRST STAGE 
TENSION 
(gpd) 




SECOND STAGE THERMAL TREATMENT AT 175°C 




800 -] i 1 r — i 1 1 1 1 1 r 

1 2 3 4 5 6 

SECOND STAGE TENSION (gpd) 

FIG. 2 



© 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





111 




© Publication number: 



0 384 425 A3 



EUROPEAN PATENT APPLICATION 



© Application number: 90103311.8 
© Date of filing: 21.02.90 

© Priority: 21.02.89 US 312651 

© Date of publication of application: 
29.08.90 Bulletin 90/35 



© Int. CI. 5 : D01F 6/60 



© Designated Contracting States: 
DE FR GB IT NL 

® Date of deferred publication of the search report: 
27.03.91 Bulletin 91/13 



© Applicant: E.!. DU PONT DE NEMOURS AND 
COMPANY 
1007 Market Street 
Wilmington Delaware 19898(US) 



© In veniorT Allen, Steven -Robert 
2612 Russell Road 
Wilmington, Delaware 19810(US) 



0 Representative: Abitz, Walter, Dr.-lng. et al 
Abitz, Morf, Gritschneder, Freiherr von 
Wittgenstein Postfach 86 01 09 
W-8000 Munchen 86(DE) 



© Aramid yarn process. 

© A process is disclosed for preparing high 
modulus, high tenacity para-aramid fibers by means 
of a two-step, constant tension drawing and drying 
procedure. 
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